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DObjectives: Right ventricular dysfunction occurs very soon after conventional coronary bypass surgery with car-
diopulmonary bypass and might not recover within 1 year after the operation. It has been postulated that perform-
ing coronary surgery without cardiopulmonary bypass might preserve right ventricular function. We
hypothesized that right ventricular global and overall systolic functions are better preserved 3 months after
off-pump surgery than after conventional coronary bypass surgery.
Methods: Fifty patients scheduled for elective coronary bypass surgery were randomly assigned to conventional
or off-pump surgery. Right ventricular function was assessed by means of transthoracic echocardiographic anal-
ysis the day before the operation and 3 months later. Right ventricular myocardial performance index was used as
a marker of global right ventricular function, and right ventricular fractional area change was used as a marker of
overall right ventricular systolic function. Peak systolic velocities of the lateral tricuspid annulus were studied to
assess regional systolic function of the right ventricular free wall.
Results: Surgical intervention was completed according to randomization in 48 of 50 patients. Demographic and
perioperative characteristics were similar in the 2 groups. Over the study period, right ventricular myocardial per-
formance index and right ventricular fractional area change did not change in comparison with the baseline values
in both groups. Peak systolic velocity of the lateral tricuspid annulus was decreased significantly in both groups 3
months after the operation. There were no significant intergroup differences in any echocardiographic marker of
right ventricular function.
Conclusions: Global right ventricular function was not better preserved 3 months after off-pump surgery than
after conventional coronary bypass surgery. (J Thorac Cardiovasc Surg 2011;141:361-7)After conventional coronary artery bypass (CCABG) sur-
gery with cardiopulmonary bypass, right ventricular (RV)
function has been found to decrease very soon after surgical
intervention1,2 and might not recover within 1 year.3,4 It
has been hypothesized that avoiding cardioplegia and
cardiopulmonary bypass by performing off-pump coronary
artery bypass (OPCAB) surgery would reduce the damaging
effects to the myocardium and thus improve outcome.5
Favorable outcome data are lacking, but a reduction in the re-
lease of cardiac enzymes after OPCAB surgery in random-
ized controlled trials comparing CCABG and OPCAB
surgery seems to support this hypothesis.5,6 One study has
shown that left ventricular (LV) systolic function is better
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The Journal of Thoracic and Cahave evaluated the effects of CCABG versus OPCAB sur-
gery on RV function. Therefore we performed this random-
ized trial to assess and compare the effects of CCABG and
OPCAB surgery on global and overall systolic RV functions
3 months after surgical intervention. Based on published
studies3,4 showing that overall systolic RV function
remains impaired 3 months after CCABG surgery, we
hypothesized that RV function will be better preserved 3
months after OPCAB surgery than after CCABG surgery.
Two-dimensional and Doppler echocardiographic analysis
was used to assess global RV function. The RV myocardial
performance index (MPI) was used as an indicator of global
RV function, RV fractional area change (FAC) was used as
an indicator of overall systolicRV function, and peak systolic
velocity of the lateral tricuspid annulus was used as an indi-
cator of regional systolic function of the RV free wall.MATERIALS AND METHODS
This prospective, randomized, controlled study was performed after ap-
proval from the Basel Committee on Human Research. Every patient pro-
vided written informed consent. Fifty consecutive patients scheduled for
elective coronary artery bypass surgery and for whom the surgeon regarded
off-pump and on-pump techniques as equally suitable were included. A
computer-generated random list was used to assign patients to the CCABG
or OPCAB groups. The randomization was performed just after the baseline
transthoracic echocardiographic analysis the day before the operation.
Exclusion criteria were as follows: redo or emergency surgery, preoperativerdiovascular Surgery c Volume 141, Number 2 361
Abbreviations and Acronyms
Aa ¼ Late peak diastolic velocity of the
lateral tricuspid annulus
CCABG ¼ conventional coronary artery bypass
Ea ¼ Early peak diastolic velocity of the
lateral tricuspid annulus
E/A ratio ¼ ratio of early peak diastolic velocity and
late peak diastolic velocity of tricuspid
inflow and mitral inflow
EDA ¼ end-diastolic area
ESA ¼ end-systolic area
FAC ¼ fractional area change
ICU ¼ intensive care unit
LV ¼ left ventricular
MPI ¼ myocardial performance index
OPCAB ¼ off-pump coronary artery bypass
RV ¼ right ventricular
Sa ¼ peak systolic velocity of the lateral
tricuspid annulus
S/D ratio ¼ ratio of systolic peak velocity and
diastolic peak velocity of hepatic
venous flow
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Dhemodynamic instability requiring continuous inotropic medication, lack of
sinus rhythm or complete bundle branch block or atrioventricular delay of
greater than 240 ms on the preoperative electrocardiogram, intermittent or
permanent ventricular pacing before the operation, and signs of moderate
or severe mitral or tricuspid valvular disease or atrial septal defect on the
preoperative transthoracic echocardiogram.
The surgical techniques were standardized, and all operations were
performed by the same surgeon. CCABG surgery was performed during
normothermic cardiopulmonary bypass, and antegrade cold blood cardio-
plegia was used for myocardial protection. OPCAB surgery was performed
as described by Sergeant and associates.7 The left internal thoracic artery
was consistently prepared as the only arterial graft for subsequent anastomo-
sis either to the left anterior descending coronary artery or to a diagonal
branch.
Intraoperative transesophageal echocardiographic data obtained from the
patients of the present study immediately before and after coronary bypass
grafting have been previously published.8
Baseline Examination and Patient Follow-up
On the day before the operation, the patients’ characteristics were docu-
mented, and baseline transthoracic echocardiographic analysis was per-
formed as described in the following paragraph. The perioperative course
was obtained on daily visits with the patient, continuing until hospital dis-
charge. New postoperative myocardial infarction was defined as a new Q
wave on the 7-day electrocardiogram in association with a peak troponin
level of 10 ng/mL or greater during the first 48 hours after the operation.
Acute postoperative renal failure was defined as an increase in serum creat-
inine level of 0.5 mg/dL or greater over the baseline value during the hos-
pital stay. Three months after the operation, all patients were contacted
for prearranged transthoracic follow-up echocardiographic analysis that
was performed according to a procedure identical to that used for the base-
line examination. Two years after the operation, all patients were contacted
by telephone for a final follow-up interview. The interview was conducted
in a semistandardized fashion by a member of the study group blinded to all362 The Journal of Thoracic and Cardiovascular Surgother data. Patients were asked about chest pain or shortness of breath or
about hospitalization of any cause. In case of hospitalization, hospital charts
were reviewed.
Echocardiographic Recordings, Measurements, and
Calculations
The transthoracic echocardiographic studies at baseline and 3 months af-
ter the operation were performed by the same investigator using a Sonos
5500 ultrasound system and a 1.8-2.1/3.6-4.1 MHz S4 probe (Philips,
Best, The Netherlands). Using the respiratory signal on the screen of the im-
aging system, study recordings were always performed at end-expiration.
Three recordings of each view were digitally acquired per study period
and stored for subsequent offline analysis. The mean values of 3 measure-
ments by a reader blinded to all other study data, including surgical tech-
nique, were used for analysis. A random sample of 25% of the data was
submitted twice to the first investigator and once to a second investigator
to determine intrareader and interreader variability. The variabilities were
calculated as the mean absolute difference between 2 readings divided by
their mean and expressed as a percentage.
Two-dimensional recordings of the apical 4-chamber view were used for
measurements of RV and LV end-diastolic areas (EDAs) and end-systolic
areas (ESAs). RV MPI, which is the sum of the 2 isovolumic times divided
by the ejection time, was measured by means of pulsed-wave Doppler echo-
cardiographic analysis and calculated for the right ventricle. The sum of the 2
isovolumic times was calculated by subtracting the time of RV ejection (time
B) from the time between the end and onset of 2 consecutive tricuspid inflows
(time A). Midesophageal 4-chamber and long-axis views were used for seg-
mental wall motion analysis of the LV septum using the 16-segment model
and the 5-grade scale of wall motion according to current guidelines.9 The
presence of new septal motion abnormality at 3 months was diagnosed if
wall motion in a septal segment deteriorated by 2 or more grades in compar-
ison with baseline values, whereby the septal motion was classified as re-
duced. If the deterioration was less than 2 grades, the septal motion was
classified as unchanged. If the septum had a systolic outward movement, it
was classified as dyskinetic. The septal motion score index was calculated
by dividing the sum of the scores of all readable septal segments by the num-
ber of readable segments at baseline and 3months after the operation. Tricus-
pid inflowwas studied in the apical 4-chamber viewwith the sample volume
placed between the tips of the open leaflets. RV ejection time (RV time B)
was measured from the parasternal short-axis view of the aortic valve after
placing the pulsed-wave Doppler sample volume in the RV outflow tract.
RV MPI was then calculated as follows: MPI ¼ (Time ATime B)/Time
B. Peak early and late velocities were measured, and the ratio of early peak
diastolic velocity and late peak diastolic velocity of tricuspid inflow and mi-
tral inflow (E/A ratio) was calculated. Pulsed-wave Doppler recording of the
hepatic venous flow was performed from the subcostal view by placing the
sample volume in the middle hepatic vein. Peak systolic and diastolic and
atrial wave reversal waves were measured, and the ratio of systolic peak ve-
locity and diastolic peak velocity of hepatic venous flow (S/D ratio) was cal-
culated. Pulsed-wave tissue Doppler imaging was performed in the apical 4-
chamber view to study themotion of the lateral annulus of the tricuspid valve.
Measured tissueDoppler imaging parameters included peak systolic velocity
of the lateral annulus (Sa) and early (Ea) and late (Aa) peak diastolic velocities.
Global RV function was investigated by using the RVMPI. Overall sys-
tolic RV function was investigated by using the RV FAC and calculated as
follows: (RV EDARV ESA)/RV EDA. The regional systolic function of
the lateral RV free wall was investigated by using the Sa. RV diastolic func-
tionwas classified as normal, mild, or moderate dysfunction based on a com-
bined assessment proposed by Denault and colleagues,10 which considers
tricuspid inflow (E/A), hepatic venous flow (S/D), and diastolic velocities
of the tricuspid annulus (Ea).
Global LV function was investigated by using the LVMPI, which is cal-
culated similarly to the RVMPI, using the corresponding LV times. LV sys-
tolic function was investigated by using the LV FAC, which was calculatedery c February 2011
TABLE 1. Preoperative characteristics of 50 patients undergoing
CCABG versus OPCAB surgery
CCABG
group
OPCAB
group
No. of patients 25 25
Age (y) 65  8 61  9
Men/women 21/4 21/4
Body mass index (kg/m2) 27  4 26  3
EuroSCORE 3.0  2.6 2.4  2.5
Creatinine (mg/dL) 0.97  0.2 0.99  0.3
Three-vessel coronary artery disease 20 (80) 19 (76)
>95% Stenosis of right coronary artery 10 (40) 11 (44)
LV ejection fraction (%) 58  16 57  16
30% 2 (8) 3 (12)
31% to 49% 5 (20) 4 (16)
50% 18 (72) 18 (72)
Angina pectoris CCS III–IV 9 (36) 10 (40)
Prior myocardial infarction 10 (40) 13 (52)
Diabetes mellitus 8 (32) 8 (32)
Hypertension 18 (72) 13 (52)
Hypercholesterolemia 18 (72) 20 (80)
Peripheral artery disease 3 (12) 2 (8)
Chronic medication
b-receptor blockers 23 (92) 23 (92)
ACE inhibitors 10 (40) 6 (24)
Statins 21 (84) 20 (80)
Insulin 3 (12) 2 (8)
Values are presented as means  standard deviations or numbers (percentages).
Preoperative characteristics were similar in both groups. CCABG, Conventional coro-
nary artery bypass; OPCAB, off-pump coronary artery bypass; LV, left ventricular;
CCS, Canadian Cardiovascular Society; ACE, angiotensin-converting enzyme.
TABLE 2. Postoperative characteristics of 50 patients undergoing
CCABG versus OPCAB surgery
CCABG
group
OPCAB
group P value
No. of patients 25 25
New myocardial infarction 2 (8) 3 (12) 1.000
Mechanical ventilation>12 h 10 (40) 3 (12) .050
Peak troponin I level in first
24 h after operation
14.4 (7.9–46.3) 3.8 (1.2–24.6) .049
Use of intra-aortic balloon pump 0 (0) 0 (0)
Acute renal failure 1 (4) 0 (0) 1.000
TIA 0 (0) 1 (4) 1.000
Postoperative confusion 1 (4) 1 (4) 1.000
Postoperative atrial fibrillation 8 (32) 8 (32) 1.000
ICU readmission 0 (0) 2 (8) .490
ICU stay (d) 2.0 (2.0–2.0) 1.0 (1.0–1.25) <.001
Hospital stay (d) 8.0 (7.0–9.0) 8.0 (7.0–8.0) .342
30-d Mortality 0 (0) 0 (0)
Hospital readmission during
the 3 first mo
1 (4) 3 (12) .609
3-mo Medication
b-receptor blockers 21 (84) 23 (92) .667
ACE inhibitors 7 (28) 12 (48) .243
Statins 21 (84) 20 (80) 1.000
1-y Mortality 0 (0) 0 (0)
2-y Mortality 2 (8) 1 (4) 1.000
Values for continuous variables represent medians (interquartile ranges) compared by
using the nonparametric Mann–Whitney U test. Values for categorical variables are
presented as numbers (percentages). New myocardial infarction was defined as
a new Qwave on the 7-day electrocardiogram in association with a peak troponin level
of 10 ng/mL or greater during the first 48 hours after the operation. Acute postoperative
renal failure was defined as an increase in serum creatinine level of 0.5 mg/dL or
greater over the baseline value during the hospital stay. CCABG, Conventional
coronary artery bypass; OPCAB, off-pump coronary artery bypass; TIA, transient is-
chemic accident; ICU, intensive care unit.
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Das follows: (LV EDALV ESA)/LV EDA. Mitral inflow was studied in the
apical 4-chamber view with the sample volume placed between the tips
of the open leaflets, early and late peak velocities were measured, and the
E/A ratio was calculated.
Study End Points and Statistical Analysis
Primary end points were the echocardiographic indicators of RV global
and overall systolic function (ie, MPI and FAC). A secondary end point was
the Sa as an indicator of regional systolic function of the RV free wall.
Based on a pilot study, a sample size of 25 patients per group was calcu-
lated to allow for detection of a 20% intergroup difference in the main out-
come parameters RVMPI and RV FAC 3months after surgical intervention
(a ¼ .05 and b ¼ .20, 2-tailed unpaired t test). This sample size was also
calculated to allow for detection of a 20% intergroup difference in the
peak systolic velocity of the lateral tricuspid annulus (Sa).
Unpaired perioperative variables are presented as medians  interquar-
tile ranges and were analyzed with the Mann–Whitney U test. Echocardio-
graphic variables are presented as means  standard deviations and were
analyzed by using the Student t test. Dichotomous variables are presented
as numbers and percentages, and the Fisher’s exact test was used for their
analysis. Analyses were performed on an intent-to-treat basis. All tests
were 2-tailed. All statistical analyses were performed with the SPSS for
Windows 12.0 computer package (SPSS, Inc, Chicago, Ill).RESULTS
Surgical intervention was completed according to ran-
domization and a standardized surgical plan in 48 of 50The Journal of Thoracic and Capatients. Conversion to cardiopulmonary bypass was per-
formed in 2 of the 25 patients randomized to the OPCAB
group because ofmarked hemodynamic instability during re-
traction of the heart. All patients with a significant stenosis of
the right coronary artery received a venous graft to this artery,
except for 6 patients whose right coronary artery was com-
pletely occluded (2 in the CCABG group and 4 in the OP-
CAB group). A significant stenosis of the RV branch was
observed in 4 patients (2 in the CCABG group and 2 in the
OPCAB group). These RV branches were not revascularized
because they were regarded as too small (<1.5 mm) to
receive a bypass graft.
General Characteristics
The 2 groups had similar demographic and perioperative
characteristics (Tables 1 and 2). No patient had a previously
documented RV infarction or pulmonary hypertension.
Seven patients had a slow initial recovery and remained
in the intensive care unit (ICU) more than 48 hours (4 in
the CCABG group and 3 in the OPCAB group). Two
patients in the OPCAB group were readmitted to the ICUrdiovascular Surgery c Volume 141, Number 2 363
FIGURE 1. Echocardiographic parameters of global and systolic right ventricular functions at baseline and 3 months after surgical intervention in 25 patients
undergoing conventional on-pump coronary bypass surgery (CCABG) versus 25 patients undergoing off-pump coronary bypass surgery (OPCAB). RV, Right
ventricular; MPI, myocardial performance index; BL, baseline; FAC, fractional area change; Sa, peak systolic velocity of the lateral tricuspid annulus.
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However, there were no major adverse events, and the
30-day mortality rate was 0 in both groups. During the 3-
month follow-up period, 1 patient in the CCABG group
and 3 patients in the OPCAB group were readmitted to
the hospital. The patient in the CCABG group was hospital-
ized because of perirenal hematoma. In the OPCAB group 1
patient was hospitalized because of recurring angina caused
by a nongrafted right coronary artery (occluded at the time
of the operation; all grafts were patent), 1 patient because of
ventricular tachycardia (all grafts were patent), and 1 patient
because of Dressler syndrome. At the time of the 2-year
follow-up, 2 patients in the CCABG group and 1 patient
in the OPCAB group had died: 1 patient in the CCABG
group from acute lung embolism after orthopedic surgery,
as determined by autopsy; another patient in the CCABG
group from suicide; and 1 patient in the OPCAB group
from progression of chronic lung fibrosis resulting in acute
respiratory failure.364 The Journal of Thoracic and Cardiovascular SurgEchocardiographic Findings
For more information on echocardiographic findings, see
Figure 1 and Tables 3 to 5. Baseline examinations were
performed in all patients. Four patients refused the 3-
month transthoracic echocardiographic follow-up (3 in the
CCABG group and 1 in the OPCAB group). Three months
after the operation, RV MPI and RV FAC values were un-
changed in comparison with baseline values in both groups.
Sa was significantly decreased in both groups 3 months after
the operation. There were further changes in diastolic RV
echocardiographic parameters between the baseline and
follow-up study but no differences between the 2 groups at
either time point: increased E/A, S/D, and Ea/Aa; decreased
Aa; and increased Ea that reached statistical significance in
the CCABG group only. LV echocardiographic findings 3
months after the operation were similar in both groups:
LV MPI was not markedly changed, and LV FAC and LV
EDA were increased in both groups. Reduced septal motion
was observed in 6 and 7 patients in the CCABG and OPCABery c February 2011
TABLE 3. Hemodynamic and echocardiographic parameters in 50 patients undergoing CCABG versus OPCAB surgery
CCABG group OPCAB group Intergroup comparison
Baseline 3 mo Baseline 3 mo P value
Hemodynamics
Heart rate (beats/min) 62  7 66  10* 64  12 65  10 .836
Right ventricular parameters
MPI 0.33  0.11 0.34  0.16 0.32  0.11 0.31  0.14 .411
FAC (%) 45  8 46  7 40  11 42  8 .180
EDA (cm2) 19  4 20  3 19  4 20  4 .762
ESA (cm2) 10  3 11  3 12  3 12  2 .415
E/A 1.1  0.3 1.4  0.3* 1.2  0.3 1.4  0.3z .789
S/D 1.8  0.4 1.2  0.3z 1.8  0.4 1.2  0.3z .711
Ar (cm/s) 23  7 22  11 23  7 22  8 .775
Sa (cm/s) 14.7  2.7 10.7  1.5z 14.9  2.8 10.5  1.5z .657
Ea (cm/s) 10.8  3.0 8.4  1.9y 10.6  3.3 9.7  3.1 .097
Aa (cm/s) 17.1  3.5 10.4  2.6z 16.9  3.7 9.6  1.6z .232
Ea/Aa 0.6  0.1 0.9  0.3y 0.7  0.2 1.0  0.3z .218
Left ventricular parameters
MPI 0.52  0.18 0.46  0.19 0.51  0.17 0.48  0.13 .659
FAC (%) 32  10 48  12z 33  10 44  11z .788
EDA (cm2) 15  4 18  5z 14  4 18  5z .971
ESA (cm2) 10  3 10  4 10  4 10  4 .755
E/A 0.8  0.3 1.0  0.3 0.8  0.3 0.9  0.3* .282
WMSI-septum 1.6  0.8 2.0  0.9z 1.6  0.7 2.0  0.8z 1.000
Values are presented as means  standard deviations. CCABG, Conventional coronary artery bypass; OPCAB, off-pump coronary artery bypass; MPI, myocardial performance
index; FAC, fractional area change; EDA, end-diastolic area; ESA, end-systolic area; E/A, ratio of early peak diastolic velocity and late peak diastolic velocity of tricuspid inflow and
mitral inflow, respectively; S/D, ratio of systolic peak velocity and diastolic peak velocity of hepatic venous flow; Ar, atrial wave reversal of hepatic venous flow; Sa, peak systolic
velocity of the lateral tricuspid annulus; Ea, early peak diastolic velocity of the lateral tricuspid annulus; Aa, late peak diastolic velocity of the lateral tricuspid annulus; WMSI-
septum, wall motion score indices for the 5 septal segments. *P  .05 in comparison with baseline values (paired t test); yP  .01 in comparison with baseline values (paired t
test); zP  .001 in comparison with baseline values (paired t test).
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2 and 1 patients in the CCABG and OPCAB groups, respec-
tively (Table 5). There were no intergroup differences in the
septal motion score index, although the septal motion score
index increased significantly in both groups at 3 months.
The high reproducibility of LV echocardiographic mea-
surements performed by our group has been previously
documented.11 In the present study intrareader variability
for RV echocardiographic measurements ranged from 2%
(Sa) to 7% (RV FAC), and interreader variability ranged
from 4% (Sa) to 8% (RV MPI).
DISCUSSION
This randomized controlled study found that global and
overall systolic RV functions were not better preserved 3
months after OPCAB surgery than after CCABG surgery:
all echocardiographic indicators of RV function were similarTABLE 4. Classification of right ventricular diastolic dysfunction in 50 pa
CCABG group
Normal Mild Moderate
Baseline 1 24 0
3 mo 5 12 5
CCABG, Conventional coronary artery bypass; OPCAB, off-pump coronary artery bypass.
The Journal of Thoracic and Cain the 2 study groups. Global and overall systolic RV func-
tion, as indicated by RV MPI and RV FAC, were preserved
in both groups 3 months after surgical intervention.
In contrast, analysis of Sa revealed similarly impaired
regional systolic function in both groups. Although this
parameter has been used as a marker of overall systolic RV
function,12,13 it can be markedly determined by regional
systolic function of the RV free wall. This conflicting
observation of a preserved global RV function in the
presence of reduced systolic tricuspid annular velocities was
also made by Hedman and colleagues.4 They observed im-
proved exercise performance in their patients 3 months after
CCABGsurgery, despite reduced tricuspid annular velocities,
and concluded that the reduction in tricuspid velocities lacked
clinical significance. Reduced systolic tricuspid annular
velocities were also observed by Alam and coworkers3 3
months and 1 year after uncomplicated CCABG surgery.tients undergoing CCABG versus OPCAB surgery
OPCAB group
Normal Mild Moderate P value*
0 25 0 1.000
8 13 3 .613
*Extended Fisher exact test.
rdiovascular Surgery c Volume 141, Number 2 365
TABLE 5. Septal motion abnormalities 3 months after surgical intervention in comparison with baseline values in 50 patients undergoing CCABG
versus OPCAB surgery
CCABG group OPCAB group
Unchanged Reduced Dyskinetic Unchanged Reduced Dyskinetic P value*
14 6 2 16 7 1 .899
CCABG, Conventional coronary artery bypass; OPCAB, off-pump coronary artery bypass; Unchanged, deterioration of the septal motion score index by less than 2 grades;
Reduced, deterioration of the septal motion score index by 2 or more grades; Dyskinetic, systolic outward motion of the septum. *Extended Fisher’s exact test.
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pericardial adhesions that were previously proposed as an
explanation for restricted tricuspid annular motion after
cardiac surgery.1,2 Interestingly, systolic and diastolic
interventricular septal velocities were preserved in their
patients. All these observations and our own findings are
consistent with experimental and animal studies identifying
the interventricular septum as the key structure for global
and systolic RV function.14–16 Finally, the left ventricle
contributes to RV function through the mechanism of
ventricular interdependence.17 Therefore the improved LV
systolic function observed in both of our study groups might
have contributed to preserving RV systolic function despite
deteriorated systolic function of the RV free wall.
The findings of the present study are in agreement with the
follow-up data of a recently published study on the effects of
OPCAB versus CCABG surgery on RV function.18 These
authors used magnetic resonance imaging and found that
RV function was completely recovered in both groups 6
months after surgical intervention. Early after surgical inter-
vention, however, they found similarly impaired RV ejec-
tion fraction in both groups. This latter finding differs
from our previously published intraoperative transesopha-
geal echocardiographic findings in the same study groups
(ie, similarly preserved RV ejection fraction in both groups
at the end of surgery).8 Unlike in other studies, we did not
perform an additional early follow-up study before patient
discharge, which keeps us from excluding a transient
decrease in RV ejection fraction in the early postoperative
period.
The evaluation of RV diastolic function is not clearly de-
fined in the literature. Some authors have tried to evaluate it
based on the combination of tricuspid E/A ratio, hepatic S/D
ratio, and Ea.
10,19 Using an algorithm proposed by Denault
and associates,10 we found a similar proportion of patients
with normal, mildly, and moderately impaired RV diastolic
function in the 2 groups 3months after the operation (Table 4).
The sample size of this study was not designed to detect
differences in the postoperative course between the 2
groups. Our finding of a shorter length of ICU stay in the
OPCAB group is biased by our local routine procedure to
keep the patients undergoing CCABG a minimum of 48
hours in the ICU, whereas patients undergoing OPCAB
with an uncomplicated course are discharged from the
ICU after 24 hours. The patients undergoing CCABG366 The Journal of Thoracic and Cardiovascular Surgwere more likely than the patients undergoing OPCAB to
be ventilated for more than 12 hours (40% vs 12%,
P ¼ .05). A shorter ventilation time after OPCAB surgery
was found in some studies20,21 but was not confirmed by
recent randomized studies.22,23
The present study has some limitations. Our conclusions
are based on an intent-to-treat analysis, and 2 patients who
were converted from OPCAB surgery to CCABG surgery
were analyzed in the OPCAB group. However, an as-
treated analysis would not have changed the result because
the 2 groups were similar and the 2 patients were not outliers.
Another limitation is the presence of right coronary artery
disease in the large majority of our patients, which compli-
cates the interpretation of the respective roles of surgical
technique and ischemia on RV function. However, this
limitation similarly applies to both groups. Recruitment
of patients with left coronary artery disease alone is not
feasible because the cardiologists currently treat them with
angioplasty.
The lack of tissue Doppler imaging data for the interven-
tricular septum is another limitation because the septum
plays a key role in RV function.14 However, similarly im-
paired regional septal wall motion in the 2 study groups
(Tables 3 and 5) suggests that OPCAB and CCABG
surgery similarly affect interventricular septal function. All
of our patients undergoing CCABG received blood
cardioplegia. This complicates the extrapolation of our
findings to crystalloid cardioplegia, which might not
provide the same degree of myocardial protection.24,25
Another limitation is that the echocardiographic follow-
up was restricted to 3 months. This prevents us from making
conclusions about a potential long-term recovery of the
function of the RV free wall as indicated by tricuspid annular
velocities. A final limitation is the sample size that was cal-
culated to allow for the analysis of echocardiographic pa-
rameters of RV function but is clearly too low to allow for
the analysis of outcome parameters.
In conclusion, our study found that RV function was no
better preserved after OPCAB surgery than after CCABG
surgery. Global and overall systolic RV functions were
equally preserved 3 months after OPCAB and CCABG sur-
gery. The analysis of the lateral tricuspid annular velocities
suggested persistently impaired systolic myocardial function
at the level of the RV free wall in both groups. Global LV
function was equally preserved, and LV systolic functionery c February 2011
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Dwas similarly improved in both groups 3 months after surgi-
cal intervention.
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